Abstract: The application of silicon detectors in electromagnetic calorimetry has only recently begun, following the development of large area detectors of low resistivity which can successfully operate undepleted (not fully depleted). This paper describes investigations of longitudinal electromagnetic shower development in calorimeters employing silicon detectors as active medium.
Introduction
The application of silicon detectors in electromagnetic calorimetry has begun recently [1] - [3] , following the development of large area detectors of low resistivity which can successfully operate undepleted (not fully depleted) [41] .
New colliding beam machines such as the e+e-LEP and SLC and the ep HERA are in different stages of development and construction. Also a high energy pp collider SSC has been proposed. For these machines, calorimeters have to posses-s excellent resolution for both electrons and hadron jets. They must also satisfy requirements of compactness and granularity.
Sandwich calorimeters are a logical choice for these machines since they satisfy the above mentioned requirements and because they are adequate for the high energies involved in experiments in colliders.
The use of silicon detectors as active samplers allow calorimeters to be made both compact and granular.
In an attempt to answer the many questions which arise, from the above calorimeter requirements, the longitudinal shower development of 2,14, and 6 GeV electrons in a silicon sampling electromagnetic calorimeter was investigated [5] , for data taken with both uranium and tungsten absorbers, the silicon detectors being operated with depleted layer widths of both 70 and 200 pm. The mean detected energy with uranium as absorber was found to be about 11 % higher than with tungsten. Also the dependence on depletion depth of the energy response of a silicon sampling calorimeter with tungsten absorber was investigated at the CERN -PS with an incoming electron beam of energy 4 GeV [ 6] . The Thus, the longitudinal shower development, its dependence on the depletion layer width and the energy resolution for electromagnetic showers has been investigated.
Longitudinal shower development and energy resolution: The longitudinal shower development of 2, [14] , [7] as well as the electromagnetic calorimeter [8] have been described previously. The calorimeter contained 24 radiation lengths of either uranium or tungsten. Each detector was placed in the calorimeter, so that the junction side faced the beam.
The longitudinal shower development has a two component structure which can be parametrized by [2] , [5] :
where E is the deposited energy as a function of t, t is the depth of the passive material in radiation lengths, co [2] and 1000 pm [1] and fully contained electromagnetic showers is a(E)/E z 17% (C/T/E) where E is the incoming electron energy in GeV and X is the sampling frequency.
The energy resolution is degraded by no more that 10 -15 % by employing detectors operated with depleted layer width of 70 pm [5] . Energy response dependence on the depletion depths: The dependence of the energy response of a silicon sampling calorimeter on the depletion depths of the silicon detectors has been investigated with tungsten as an absorber and an incoming electron beam with an energy of 4 GeV [6] .
The calorimeter contained 24 radiation lengths of tungsten, with a silicon detector located after each two radiation lengths of absorber. 
Comparison of Si sampling calorimeters
In addition to the CERN electromagnetic sampling calorimeters, consisting of sandwiches of Si/W and Si/U [5] , there are the Tokyo [1 ] and Hamburg [3] calorimeters made of Si/Pb. Although they are all using silicon as the active medium, they have different effective radiation lengths, critical energies, densities, sampling frequencies and depletion depths [9] .
In order to find a well defined procedure for comparison, Rossi In a sampling calorimeter the critical energy and the radiation length are to be replaced by effective critical energy e f and the effective radiation length Xeff. Thus, the energy sensed by the active silicon plane is ESi , PsiT( Si/XSi) (2) where p4 is the fraction (by mass) of silicon and Xeff is the e1fective radiation length of the calorimeter. (4) where Z is the atomic number of the material, X0 is the radiation length in g/cm2, A is the atomic mass, B 2.66 and d -1.11.
Both the Hamburg and the Tokyo calorimeters were run with the silicon detectors fully depleted while the CERN calorimeters with thickness of 295 ,um were depleted to 200 and 70 um.
Because of charge diffusion in the field-free region (the migration effect), the energy response of the calorimeter is greater by an amount corresponding to about 23 pm increased depletion depth [12] . Accordingly, effective active layers of 223 and 93 pm were taken for the comparison.
The predicted.ratio -, and the measured nr are shown in Table 1 Group
